Context. Lithium is a fundamental element for studying the mixing mechanisms acting in the stellar interiors, for understanding the chemical evolution of the Galaxy and the Big Bang nucleosynthesis. The study of Li in stars of open clusters (hereafter OC) allows a detailed comparison with stellar evolutionary models and permits us to trace its galactic evolution. The OC NGC 2243 is particularly interesting because of its low metallicity ([Fe/H]=−0.54 ± 0.10 dex).
Introduction
The measurement of the Li abundance of turnoff and dwarf stars in OCs of different ages and metallicities is a very powerful tool that can be used to investigate a number of topics: the possibility of sampling stars of different evolutionary status and original mass allows to understand how this element is destroyed and to test different evolutionary models and mixing mechanisms (Boesgaard & Tripicco 1986; Pasquini 2000; Randich et al. 2000; Randich et al. 2003; Smiljanic et al. 2010 ). This is possible because for OC stars we can obtain reliable ages, metallicities, masses, and evolutionary stages from precise photometry and high-resolution spectroscopy. Cluster stars are the most powerful targets that can be studied to disentangle the effect of each of these parameters on mixing phenomena. Since Li is burnt through (p, α) reactions at a temperature of ≃ 2.5 × 10 6 K, differences in Li abundance in stars of different masses and temperatures can be used to constrain the physical processes that bring the surface material to the interior of the star.
The cluster we have studied, NGC 2243, is particularly interesting because it is one of the most metal-poor OCs accessible for high-resolution spectroscopy. It is almost as metal-poor as the globular cluster 47 Tucanae, considered "metal rich" among globular clusters with a metallicity of [Fe/H]=-0.76 ± 0.04 dex (Koch & McWilliam (2008) ). The comparison of the Li abundances in the two clusters is very interesting, since, in spite of the similar metallicity, NGC 2243 is much younger than 47 Tuc. The so-called "Li dip", i.e., the disappearance of Li in the spectra of stars over a narrow temperature range, is a feature that is present in OCs, but in none of the globular clusters.
It is interesting to investigate whether it is present also in an OC with a low metallicity comparable to that of "metal-rich" globular clusters. Another interesting characteristic of OCs that are young enough to have hot main sequence stars on the blue side of the dip (see, e.g., Sestito & Randich 2005 , and references therein) is that hot stars out of the "Li dip" show a high level of Li abundance, close to the abundance present in the interstellar medium when they formed. This initial Li abundance in metal-poor clusters will provide precious data to be compared with models of Li evolution in the Galaxy (e.g., Matteucci 2010) and primordial nucleosynthesis (Cyburt et al. 2008 ).
The first determination of the Li abundance in this cluster was performed by Hill & Pasquini (2000) . They found a mean Li abundance of log n(Li) = 2.35 in the four stars for which they could detect Li. These authors hinted at the presence of a Li dip, but could not confirm it, given their limited sample.
Here, we present a new study of elemental abundances in NGC 2243, based on high-resolution spectra obtained with FLAMES on the VLT. In Sect. 2 we briefly describe the cluster. The observations and data reduction are given in Sect. 3, while the data analysis is discussed in Sect. 4. The results, discussion, and conclusions are presented in Sects. 5, 6, and 7.
Send offprint requests to: P. François ⋆ Based on observations collected at the ESO VLT, Paranal Observatory (Chile). Kaluzny et al. (1996) found E(V − I) = 0.10 ± 0.04. Kaluzny et al. (2006) extended their study of NGC 2243 to the analysis of detached eclipsing binaries. They derived a distance modulus (m − M) V = 13.24 ± 0.08. Using model age-luminosity and age-radius relations for the binary system NV CMa, a member of the cluster, they obtained an age of 4.35 ± 0.25 Gyr assuming a metallicity [Fe/H]= −0.525. However, these values are sensitive to the adopted metallicity, a change of −0.08 dex in the metallicity leading to an age decrease of ≃ 0.5 Gyr.
Observations and data reduction
The spectra were obtained in four hours in four observing nights during the FLAMES+GIRAFFE Science Verification program. FLAMES (Pasquini et al. 2002 ) is mounted at the Nasmyth A platform of the 8.2m UT2/Kueyen of the VLT. Observations were carried out in MEDUSA mode with two GIRAFFE high-resolution (HR) settings and with a single 2K×4K EEV CCD (15 µm pixels).
In particular, the employed settings were Filter N. 14 (échelle grating order N. 9) with central wavelength 651.5 nm and wavelength range between 638.3 and 662.6 nm, and Filter N. 15 (échelle order N. 8) with the central wavelength 679.7 nm and wavelength range between 659.9 and 695.5 nm.
The resolution was R ∼28 800 and R ∼19 300, respectively. The log of the observations is given in Table 1 .
We selected from the catalog of Kaluzny et al. (1996) the main-sequence (MS), turnoff (TO), and (sub-)giant stars with 14. m 0 ≤ V ≤ 17. m 5 and, thanks to the GIRAFFE configuration, we were able to observe 100 targets (Tables 2, 3, 4) . Separate exposures were obtained to be able to identify short and intermediate period binaries by comparing the radial velocities at different epochs. The spectra have a typical signal-to-noise (S /N) ratio of 30-40.
The observations were reduced using the version 1.12 of the GIRAFFE Base-Line Data Reduction Software (girBLDRS 1 ; Blecha et al. 2000) , which is a set of python scripts/modules and a C library. With it we removed the instrumental signature from the observed data, subtracting the bias and dividing by the normalized flat-field. Flat-field acquisitions were also used to trace the position of all the fibers, and to derive the parameters for the optimal extraction of the science exposures. Finally, the wavelength calibration was obtained using the day-time Th-Ar lamp exposure. Radial velocities were measured using the IRAF 2 package FXCOR, which cross-correlates the observed spectrum with a template. As a template, we used a solar spectrum acquired with FLAMES/GIRAFFE. Finally, the heliocentric correction was applied. We considered only the spectra acquired with the HR14 setting, as it leads to the radial velocity measurements with the lowest rms uncertainties (around 1 km s −1 ), compared to the 2.5 km s −1 obtained with the HR15 setting.
The two spectra/star/setting were finally co-added to perform the spectroscopic determination of elemental abundance (and effective temperature).
The GIRAFFE solar spectra 3 , taken with the same setups of our observations, are used throughout this work for spectroscopic comparison with the stars and the synthetic spectra. Each solar spectrum was obtained by averaging most of the GIRAFFE spectra (some spectra show clear flat field problems and were not used) and it has a nominal S /N ratio above 400.
Data analysis

Radial velocities
The 
Atmospheric parameters
We used the photometric results for V − I colors from Kaluzny et al. (1996) to derive the effective temperatures from the relations of Casagrande et al. (2010) . We also attempted to measure effective temperatures from our GIRAFFE spectra, using the Hα wings, but the results were not convincing when comparing these effective temperatures with photometry. Most likely the flat field procedure adopted did not succeed in fully removing the rather strong blaze present in the spectra, possibly because of the relatively close position of the Hα line to the spectrum edge.
The surface gravities for the program stars were obtained from the photometric data quoted above and computed using the standard relation given in Eq. 1. We adopted the following solar values: log g ⊙ = 4.44dex, T eff,⊙ = 5790 K, M bol,⊙ = 4.72 mag. The bolometric corrections were computed using the relation of Alonso et al. (1999) . We assumed a TO mass of 1.15M ⊙ and a distance modulus of 13.15. We note that even if the adopted turnoff mass was wrong by 25%, the errors in computing log g would be less than 0.1 dex.
The microturbulence velocities were computed using the relation of Edvardsson et al. (1993) .
Results
Lithium abundance
The equivalent widths of the Li resonance doublet at λ =670.78 nm was measured using the code FITLINE written by P. François. Details on the algorithm can be found in Lemasle et al. (2007) .
The line was measurable in 27 stars. When the lines were not detectable, an upper limit for the equivalent width of the line was established via the Cayrel formula (Cayrel 1988 ) and translated into an upper limit for the Li abundance. We then derived Li abundances for the measured line equivalent widths using Turbospectrum (Alvarez & Plez 1998) taking the most updated version of the OSMARCS atmosphere models (e.g., Gustafsson et al. 2008 , Plez 2008 . Plane parallel 1D models have been used for the computations. We adopted the Grevesse & Sauval (1998) solar abundances. In Table 2 the list of stars for which the Li abundances could be measured is given, while Table 3 lists the estimation of the Li abundance upper limits for the remaining stars of the sample.
Elemental abundance of other elements
The line list used to compute the iron abundance ([Fe/H]) was taken from Pace et al. (2010) . We used this list to measure well-defined unblended Fe i and Fe ii lines. As for the determination of the Li abundances, we measured the equivalent widths of the Fe lines (from 3 to 25 lines for Fe i lines and up to 4 lines for Fe ii lines) using the code FITLINE. We then derived elemental abundances for the measured line equivalent widths using Turbospectrum (Alvarez & Plez 1998 ) taking the latest version of the OSMARCS atmosphere models (e.g., Gustafsson et al. 2008 , Plez 2008 . Plane parallel 1D models were used for the computations. We adopted the Grevesse & Sauval (1998) solar abundances. These lines have been used to compute the Fe abundance but also to check that the ionization equilibrium is consistent with the adopted gravity as shown in Fig. 5 . The average [Fe/H] from Fe i line is of −0.54 ± 0.10 dex, while the average from Fe ii line is of −0.53 ± 0.14 dex. For the three brightest stars, we found a higher Fe abundance than the rest of the sample. This result is in line with the ongoing discussion about the systematic slight differences which can found between Fe abundances determined in dwarfs and giants. 
Error estimates
The temperature scale is consistent with that of Kaluzny et al. (1996) ; this is not surprising given the adoption of the same photometry and reddening.
6. Discussion Figure 6 shows the position of the stars on a T eff − V space, similar to a color magnitude diagram.
It should be remembered that the Hill & Pasquini (2001) points are on a lower temperature scale than that adopted. As explained above, their points would be ∼0.15 dex higher and ∼200 K moved to the left if they were on the same temperature scale adopted in this work. Fig. 7 shows the Li abundances as a function of the V magnitude of the star. 
The lithium dip
The Li dip is a feature first observed in the Hyades OC. In a narrow temperature range, the Li abundance is strongly depleted by factors up to 100, as first shown by Boesgaard & Tripicco (1986) , and subsequently studied by several authors. Balachandran (1995) compared several clusters in a homogeneous analysis concluding that the mass to which the dip occurs depends on the stellar metallicity, while the ZAMS T eff does not. With NGC 2243 we have the opportunity to greatly enlarge the metallicity range explored. K and a magnitude of V = 15.8 mag, shows a Li abundance of 2.70 dex and seems to be the first star located just on the blue side of the dip.
Once proven beyond any doubt the presence of the dip in this metal-poor cluster, we may discuss some additional points. The effective temperature of the dip is higher than that observed in other clusters. The mass of the dip can be estimated with the help of evolutionary isochrones.
Using the Girardi (web page 4 ) tracks, a cluster with a turnoff of 6900 K and a metal content of Our results would tend to confirm the finding by Howk et al. (2012) that the Li evolution is extremely constrained when the Li primordial abundance from WMAP is assumed.
Comparison with 47 Tuc
As already mentionned in the introduction, one of the interesting characteristics of NGC 2243 is that its metallicity almost overlaps with that of the well-studied globular cluster 47 Tuc.
The highest Li abundance in NGC 2243 is, as in all young OCs, found at the blue edge of the Li dip and is of 2.70 ± 0.2 dex, with values potentially as high as 2.9 dex. 47 Tuc has been studied in the past by several groups. It was first observed by Pasquini & Molaro (1997) The turnoff stars of this cluster are rather cool (T eff less than ≃ 5800 K), more than 500 degrees K cooler than the faintest stars observed in NGC2243. At this effective temperature, old OC stars already show evidence of main sequence Li depletion (Pasquini 2000; Sestito & Randich 2005) . It is important to note that none of the OCs studied so far is as metal-poor as 47 Tuc or NGC 2243; it would be very important to observe fainter stars in NGC 2243 to confirm the Li trend with effective temperature. Still, the possibility that the Li observed in 47 Tuc stars does not correspond to the pristine Li, but to slightly depleted Li, cannot be excluded. Keeping this possibility in mind, it is worth analyzing the case that the Li abundance in the two clusters was not initially the same.
Given its old age, in spite of its high metallicity, it would be natural to assume that 47 Tuc started from the primordial Li abundance, log n( 7 Li) = 2.72 dex, from WMAP+SBBN (Cyburt et al. 2008 ). Instead, NGC 2243, with a much younger age, should have incorporated the Li produced by the Galactic sources, thus log n( 7 Li) ∼ 3.0 dex, according to the models of Prantzos (2012) at this metallicity. If this is the case, one has to conclude that the Li depletion with time is a highly non-linear process. In fact, the two clusters started with a difference in Li of a factor of 2 and they retain this difference, in spite of the fact that in 47 Tuc the Li has had 8 Gyrs more to accomplish its depletion. Another intriguing aspect of this scenario is that the amount of depletion (initial/present) is again roughly a factor of two in both cases. The conclusion could be that Li is depleted very rapidly, by a factor of two, from whatever value it starts from, and then remains constant for all of the star's lifetime without taking into account the "extra mixing" that enters into play to explain the "Li dip" and the cooler stars. This scenario could be consistent with the suggestion that the Li depletion takes place during the pre-main sequence (Molaro et al. (2012) . However, the observational evidences show that pre-main Sequence (PMS) depletion in solar stars is not really effective (Randich et al. 2001; Jeffries 2006) . Considering the relatively low metal abundance of these clusters compared to the Sun, even less PMS depletion would be theoretically expected.
This promising picture is, however, troubled if we note that the star with the highest level of Li abundance in the D 'Orazi et al. (2010) sample has log n( 7 Li) = 2.78, i.e., close to the highest value also observed in NGC 2243. This "upper limit" of the Li content in 47 Tuc stars can be considered the closest value to the original Li content of the cluster.
This value would then suggest that the two clusters started with similar Li abundance. The implications of this are puzzling. We see three possible situations:
1. Li is depleted both in 47 Tuc and NGC 2243, 47 Tuc already benefitted from an initial Li that was a factor of two higher than the primordial value and thereafter the Li abundance was constant up to the time of the NGC 2243 cluster formation;
2. neither 47 Tuc nor NGC 2243 have depleted any Li and were formed with the primordial abundance. Again no Li is produced between 12 Gyr ago and 4 Gyr ago;
3. 47 Tuc started with the primordial Li abundance, but its highest Li stars suffered no Li depletion.
NGC 2243 started with a higher Li-abundance and its highest Li stars suffered depletion by a factor of two.
All of these contradict our current understanding of Li evolution and stellar structure. low metallicity. This value of Li in metal-poor objects is comparable to the Li abundance deduced from WMAP measurements putting strong constraints on the models of Li enrichment during the early history of our Galaxy.
